Abstract. Open Source software has been recently recognized by governments as a viable and cost effective solution. However, transition to open source is not a plug-and-play process but one that requires deep knowledge of open source dynamics and of organization's operations, budgetary constraints, capacities, ethics and political agenda. As with any IT transition, there are uncertainties and risks that need to be handled in order to maximize the gains for the organization and for the society through the provided services. In this paper we present a feasibility study conducted in 15 Greek public sector organizations with the aim to discover the value this transition brings to a typical public sector organization.
Introduction
The benefits of Open Source Software (OSS) within public sector (PS) have been highlighted by numerous studies [6] , [12] , [14] , [15] focusing on the the fast growth of OSS projects and open standards which offer usable solutions able to support organizations in supplying high quality services to society. However the OSS migration is not a risk free plug and play process. According to [3] , the uncertainty of the quality of the OSS applications [4] , the dynamic nature of the majority of OSS projects [5] and the lack of technical support [9] are some of the obstacles faced by integrators. Furthermore, while there is an acknowledged demand for financial transparency that advocates the use of OSS, there is still lack of awareness of the feasibility and viability of OSS in the PS environment. In [13] authors argue that the majority of public sector shows little interest in financial performance. To discover the value of OSS migration and to shed light to the uncertainties that affect its viability, we conducted a feasibility study in fifteen municipalities in Greece, where we calculated the value generated from three scenarios of OSS adoption namely minimal, basic and massive based on the number and type of the adopted software solutions. To do so, Real Options Analysis was employed as a decision making tool able to capture the uncertainties faced by integrators and calculate their impact on the anticipated revenues.
The paper is structured as follows. In section two we provide background information on the Real Options Theory and tools, followed by the proposed approach. In section three we analytically present the results of the study and finally we share some ideas for further research in section four.
Background and proposed approach
We argue that the value of an OSS is generated and both affected by its project's dynamics [7] . As the OSS evolves over time, uncertainties related with its provided qualities such as usability, availability and maintainability, may be introduced or resolved. However, to what extend these uncertainties will affect the anticipated value is subject to organization's capacities, competencies, resources and constraints. Hence, selecting the right OSS solutions (the more profitable) depends on organization's resilience to these uncertainties. In this respect, finding the more profitable migration scenario is not simply a matter of accumulating the value generated from the number of OSS solutions to be adopted but of identifying which OSS solutions maximize and/or maintain their values over time. Real options analysis is a valuable decision making tool capable of exploring the volatility of the anticipated OSS value in order to provide reasoning about the viability of the migration scenario. Real Options Analysis (ROA) is based on the analogy between investment opportunities and financial options. A real option is a right, but not an obligation, to make a decision for a certain cost within a specific time frame. A project is perceived as an option on the underlying cash flows (value) with multiple associated investment strategies to be exercised if conditions turned out to be favorable. As option is an asset that provides its owner the right with out a symmetric obligation to make an investment decision such as growth, exit, wait, and learning etc. If conditions to investing arise, the owner can exercise the option by investing the strike price defined by the option. A call option gives the right to acquire an asset of uncertain future value for the strike price. There are two option mechanisms, namely the call and put. A call option gives the buyer of the option the right to buy the underlying asset at a fixed price, called the exercise price, at any time prior to the expiration date of the option: the buyer pays a price for this right. If at expiration, the value of the asset is less than the strike price, the option is not exercised and expires worthless. If, on the other hand, the value of the asset is greater than the strike price, the option is exercised. The net profit on the investment is the difference between the gross profit and the price paid for the call initially. In a similar manner, a put option gives the buyer of the option the right to sell the underlying asset at a fixed price, again called the strike or exercise price, at any time prior to the expiration date of the option. The buyer pays a price for this right. If the price of the underlying asset is greater than the strike price, the option will not be exercised and will expire worthless. If on the other hand, the price of the underlying asset is less than the strike price, the owner of the put option will exercise the option and sell the stock a the strike price, claiming the difference between the strike price and the market value of the asset as the gross profit. Many authors appreciated the applicability of ROA in IT investments like in [1] , [2] while others employed ROA in software engineering practices such as in [8] , [10] , [11] . Following the same logic, we argue that an OSS migration scenario can be expressed as a call option, where the owner (the PS organization) has the right but not the obligation to make the selection within a given time frame. Before proceeding to the analysis we translate the traditional ROA variables to fit to our context of use. Intuitively we have:
1. Current Value (Net Present Value) of migration scenario (So): The accumulation of the costs of the operational proprietary software are the cash flows generated from the adopted OSS. 2. Exercise Price (X): Total Cost of Ownership (TCO) of the adopted OSS. 3. Time to Expiration (T): The time frame decision makers have to select the optimum migration scenario. 4. Volatility of the Underlying Asset Value (σ): The percentage of the cash flows fluctuations due to uncertainties introduced from the dynamics of the adopted OSS. 5. Risk Rate (r): The Cost of capital Our approach employs three consecutive steps. The first step commences with the discovery of the uncertainties. In the second we calculate the expected cash flows and their associated volatilities in the form of (%) standard deviation, and finally in the third step we calculate the call options for each OSS candidate and we compare the results. We present this steps in detail through our presentation of the case study.
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Study Preparation
We examined 85 of the 325 (26.15%) municipalities in Greece where we recorded all proprietary applications currently in use and categorized these according to their provided functionalities and domain:
• Administrative Applications • Office related Applications • Resource Planning Applications • Operating System After conducting interviews with IT managers we produced a list of OSS applications capable of providing the intended functionalities and group these into three migration scenarios as shown in We then proceeded to a closer examination of fifteen municipalities (average in population size and in IT department staffing), to obtain the necessary financial data for our ROA application. For each scenario we calculated the installation and maintenance costs as shown below (all calculations are in Euros): We proceeded with calculation of costs of the currently operational proprietary software for a twenty years period. As stated before, these costs will be attributed to the cash flows generated from the adopted OSS. Similarly for each scenario we have: Table 7 : Cash flows from migration scenario 3
Applying Real Options Analysis
From the collected information we where able to calculate the total budget assuming a two year period within which all employees will operate the adopted OSS solutions: These option values represent the additional value that comes from the right not to implement immediately the migration scenario but only upon favorable conditions. Going a step further Option Value C 0 depends on two variables, the Intrinsic Value (IV) and the Time Value (TV), as such,
The intrinsic value (IV) of an option is the value of the option if exercising it now and is given as:
Intrinsic value can be defined as the amount by which the exercise price of an option is "in-the-money". It is actually the portion of an option's price that is not lost due to the passage of time. While Time Value or "Option Premium" give as: TV = OV -IV, is the real cost of owning a stock options contract. It is the part of the price of an option which the seller of the option gets to keep as profit should the stock remain inactive until its expiration. In our context Time Value is the amount of money the PS organization will loose by waiting to see how the uncertainties associated with the migration scenario will evolve over the time to expiration. Calculating the option premiums for the three scenarios we have: What we can infer is that the third scenario is the one with the lowest cost of waiting. Nevertheless, the second scenario is the one that should be preferred as not only provides the highest Net Present Value but also a lower cost of waiting (option premium) in comparison to the first scenario.
Conclusions
We have presented an options based approach for the valuation of the OSS migration in a PS organization. The application of ROA addresses some fundamental issues, like the lack of accountability and risk averseness inherent in PS environments. The method provides an alternative view to the OSS migration process in the uncertain Open Source Software realm. By perceiving the OSS migration as a risky investment, a more accurate calculation of the anticipated value of OSS employment to PS environments can be achieved. It is our intention to extend this study to other public sector organizations and to examine the suitability and applicability of simulation techniques i.e. Monte-Carlo in volatility calculations.
